linkers are able to host an anthracene, pyrene, perylene, or coronene molecule in their cavity, while the medium-size metallarectangles 7 -9 incorporating 4,4'-bipyridine linkers are only able to encapsulate anthracene. However, out-of-cavity interactions are observed between these 4,4'-bipyridine-containing rectangles and pyrene, perylene, or coronene. In contrast, the small pyrazine-containing metallarectangles 4 -6 show no interaction in solution with this series of planar aromatic molecules.
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Introduction. -Half-sandwich complexes of ruthenium (Ru) and to a lesser extent osmium (Os) have received considerable attention, especially as catalysts [1] , as biological agents [2] , and recently as building blocks in supramolecular chemistry [3] . Their ability to generate a pre-organized arrangement with appropriate multidentate bridging ligands and rigid linkers have allowed the controlled formation of various supramolecular constructions, such as metallacycles [4] , metallarectangles [5] , metallaprisms [6] , and metallacubes [7] .
In coordination and organometallic chemistry, quinones are attracting a lot of interest [8] . Their numerous applications in organic chemistry [9] , physical chemistry [10] , and biology [11] are well known, and moreover, these multifunctional ligands are becoming popular for the synthesis of complexes with (h 6 -arene)ruthenium units [12] . The commercially available quinone derivatives, 5,8-dihydroxy-1,4-naphthoquinone (H 2 dhnq), 9,10-dihydroxy-1,4-anthraquinone (H 2 dhaq), and 6,11-dihydroxynaphthacene-5,12-dione (H 2 dhtq) have been used to form dinuclear species with Ru metals [13] . However, the corresponding dinuclear complexes incorporating [Ru(h 
). The ability of these metallarectangles to host pyrene in solution was studied [16] 10, the pyrene molecule was found inside the hydrophobic cavity of the metallarectangle, thus giving rise to a host -guest system. We now extended this study to three other guest molecules, anthracene, perylene, and coronene, with not only the already known 5,8-dihydroxy-1,4-naphthoquinonato(2 À) containing metallarectangles but as well with 9,10-dihydroxy-1,4-anthraquinonato(2 À) and 6,11-dihydroxynaphthacene-5,12-dionato(2 À) bridging ligands, thus generating the cationic tetranuclear metallarectangles [Ru 4 (h In the metallarectangles 5, 8, and 11, the asymmetry of the 9,10-dihydroxy-1,4-anthraquinonato(2 À) bridging ligand allows the formation of two isomers. Indeed, the presence of two isomers is quite obvious in the case of 5 in which two distinct sets of signals for the 9,10-dihydroxy-1,4-anthraquinonato(2 À) ligands are observed in the 1 H-NMR spectrum (CD 3 CN). However, the signals of the h 6 -p-cymene and pyrazine ligands remain equivalent despite the presence of these two isomers 5 and 5' (Fig. 1 ). In the case of 8 and 11, in which the two 9,10-dihydroxy-1,4-anthraquinonato(2 À) bridges are far away from each other, only the singulet of the 9,10-dihydroxy-1,4-anthraquinonato(2 À) ligands is observed as nonequivalent signals. All other signals show no sign of the presence of the two isomers and give rise to only one set of signals for both isomers.
The IR spectra of 4 -12 are dominated by absorptions of the coordinated N \ N and OO \ OO ligands which are only slightly shifted as compared to the IR absorptions of the free ligands. In addition to the N \ N and OO \ OO signals, strong absorptions due to the stretching vibrations of the CF 3 SO À 3 anions (1260s, 1030s, and 638m cm À1 ) are also observed in the IR spectra of the salts [4 -12] [CF 3 SO 3 ] 4 . The electronic absorption spectra of the metallarectangles 4 -12 are characterized by an intense high-energy band centered at 320 nm, which is assigned to ligand-localized or intra-ligand p ! p* transition as well as broad low-energy bands associated to metal-to-ligand charge-transfer (MLCT) transitions. In 1 -3, only one MLCT band is found at ca. 600 nm, while in metallarectangles 4 -12, an additional band centered at ca. 400 nm is observed as well (Fig. 2) .
As we were unable to grow crystals for X-ray measurements, the cavity sizes of the different metallarectangles were estimated by molecular modeling and from analogous (Fig. 3) .
To study the ability of the hydrophobic cavity of the metallarectangles 4 -12 to encapsulate guest molecules in solution, we performed various NMR experiments. 1 H-NMR Spectra of 1 : 1 mixtures of metallarectangles with planar aromatic molecules (pyrene, anthracene, perylene, and coronene) were measured. In the case of the pyrazine-containing metallarectangles 4 -6, no shifts of the chemical shifts were observed for the H-atoms of the host and of the aromatic molecule in CD 3 CN. The result is quite different with the larger metallarectangles 7 -12 in which some H-atoms of the rectangle and of the aromatic molecule are shifted as compared to their initial 1 H-NMR spectra (Fig. 4) . Consequently, these observations prompted us to further investigate the hosting potential of the metallarectangles 7 -12 in solution by diffusion- Fig. 3 . Estimated cavity size of the different metallarectangles ordered NMR spectroscopy (DOSY). DOSY Measurement is a powerful tool for studying host -guest association in solution [17] . The diffusion coefficient depends on the shape and size of the molecules. Therefore, in a host -guest system in which the guest is perfectly encapsulated in the cavity of the host without significantly affecting the size and shape of the host, the diffusion coefficient of the guest & host adduct will be almost identical to the diffusion coefficient of the host alone. On the other hand, in a host -guest system in which the guest interacts with the host but not in a guest & host fashion, the host and the guest will keep their individual diffusion coefficients.
Room-temperature DOSY measurements of the 4,4'-bipyridine-containing metallarectangles 7 -9 in the presence of anthracene, pyrene, perylene, and coronene suggest out-of-cavity interactions between the different rectangles and the aromatic molecules. However, at À 408, the same DOSY experiment with anthracene and metallarectangle 7 clearly shows that anthracene diffuses at almost the same coefficient as the host (Fig. 5) , thus supporting an in-cavity location of anthracene. To confirm this assumption, a ROESY (rotating-frame NOE spectroscopy) measurement at À 408 was performed (Fig. 5) . The 1 H-ROESY shows that some H-atoms of anthracene are in close proximity to the H-atoms of the 5,8-dihydroxy-1,4-naphthoquinonato(2 À) and 4,4'-bipyridine ligands which confirms, together with the DOSY experiment at À 408, the presence of anthracene in the cavity of 7. All other aromatic molecules (pyrene, perylene, and coronene) do not show in-cavity interactions with metallarectangles 7 -9, even at low temperature, which fit with out-of-cavity interactions. In contrast, 4,4'-[(1E)-ethene-1,2-diyl]bis[pyridine]-containing metallarectangles 10 -12 show in-cavity interactions with these large planar aromatic molecules. DOSY Experiments of anthracene with metallarectangles 10 -12 show both incavity and out-of-cavity interactions at room temperature, as opposed to pyrene, perylene, and coronene for which in-cavity interaction dominates. As an example, the DOSY spectra of coronene, metallarectangle 10 and a 1 : 1 mixture of coronene, and 10 in CD 3 CN at room temperature are presented in Fig. 6 . These experiments clearly show that at room temperature, coronene/10 1 : 1 and 10 possess almost identical diffusion coefficients, which confirm the encapsulation of coronene in the hydrophobic cavity of 10 and the formation of a coronene & 10 adduct.
In summary, 1 H-NMR, DOSY and ROESY studies revealed that no meaningful interaction occurs between the pyrazine-containing metallarectangles 4 -6 and planar aromatic molecules, while out-of-cavity interactions are prevailing in the case of the 4,4'-bipyridine-containing metallarectangles 7 -9, with the exception of anthracene which can do both in-cavity and out-of-cavity interactions with these metallarectangles. On the other hand, in-cavity interactions take place for the 4, H-NMR spectra were recorded. Then, the chemical-shift changes (Dd) of one chosen signal of the metallarectangles 10 -12 (e.g., of the ethenediyl moiety) vs. the molar ratio of the guest to the metallarectangle were plotted (Fig. 7) . Considering the DOSY experiments reported previously, and accordingly assuming a 1 : 1 system, and by using the Dd value at known guest/host molar ratio with the help of the nonlinear least-square fitting program winEQNMR2 [18] , the stability constants of association (K a ) together with the free energies (DG8) were estimated (Table) . The estimated stability constants are comprised between 52000 m À1 and 69000 m
À1
, which imply a relatively strong affinity between the host and the guest -metallarectangle and aromatic molecules - which, however, suggest no selectivities or preferences by the metallarectangle among these guests (pyrene, perylene, and coronene). This nonspecificity of the metallarectangles 10 -12 for these planar aromatic molecules in MeCN was further confirmed by a competition experiment in which a 1 : 1 : 1 : 1 mixture of pyrene, perylene, coronene, and 10 was involved. A 1 H-DOSY experiment shows that the three potential guest molecules are competing equally for the hydrophobic cavity of 10, which is not surprising given their comparable stability constants.
To conclude these host -guest studies, we performed a fluorescence-emission titration of perylene with metallarectangle 10. Perylene has been intensively used as fluorescent probe, and its basic fluorescence is well documented [19] . The fluorescence quenching of perylene via exciplex formation [20] or energy transfer [21] in solution has been also studied in detail, and we propose here to see whether or not such quenching by encapsulation of perylene inside the cavity of a metallarectangle 10 occurred. The emission spectra of a CH 2 Cl 2 solution of perylene (10 À7 m, 350 nm as excitation wavelength) upon gradual addition of metallarectangle 10 (0.0 -10 equiv.) were recorded (Fig. 8) . A quenching of the perylene fluorescence is clearly observed when 10 is added. This quenching of the fluorescence of perylene can be explained by two effects. Firstly, as the guest goes into the cavity of the metallarectangle 10, there is a loss of excitation energy received by the guest molecule: a part of the energy can be absorbed by the metallarectangle and consequently, the perylene molecule encapsulated in the metallarectangle is less excited and, therefore, cannot reemit the same energy as compared to its free state. Secondly, the quenching can result from energy transfer from perylene to metallarectangle 10. Indeed, due to a good spectral overlap of absorbance of metallarectangle 10 with the perylene emission, energy transfer can spontaneously take place (Fig. 9) , thus leading to a decrease in the emission energy of perylene and ultimately to fluorescence quenching [22] . DOSY-NMR Experiments. For all DOSY experiments, the temp. was regulated at 298 or 233 K, the airflow was increased to 670 l · min
, and the NMR tube was not spun. The diffusion NMR experiments were performed with a standard pulsed-gradient stimulated echo (LED-PFGSTE) sequence and a bipolar gradient [17] . DOSY Spectra were generated by using the TopSpin 2.0 software package (Bruker). Experimental parameters were D ¼ 50.0 ms (diffusion delay), t ¼ 1.0 ms (gradient recovery delay), and Te ¼ 5.0 ms (eddy current recovery delay). For each data set, 4096 complex points were collected, and the gradient dimension was sampled by means of 16 experiments in which the gradient strength was linearly incremented from 1.0 to 50.8 G · cm
. The gradient duration d/2 was adjusted to observe a near-complete signal loss at 50.8 G · cm
. Typically, the d/2 delay was chosen in the 1.2 -2.0 ms range. A 1.0 s recycle delay was used between scans for data shown. For each data set, the spectral axis was processed with an exponential function (3 -5 Hz line broadening), and Fourier transform was applied to obtain 4096 real points. The DOSY reconstruction was realized with 256 points in the diffusion dimension. The number of scans ranged from 8 to 64 and was adapted to each sample. The experimental time ranged from 4 to 30 min.
ROESY-NMR Experiments. For the ROESY experiment shown, the temp. was regulated at 233 K, and the NMR tube was not spun. The ROESY experiment was performed by means of a gradientselected ROESY [24] , with the Tr-ROESY scheme [25] for efficient TOCSY transfer suppression. Experimental parameters were t m ¼ 200 ms (mixing time), d ¼ 500 ms (gradient length),
À1 (gradient strength), and t p ¼ 100 ms (selective pulse, Seduce-1). A total of 8192 complex points were collected. A 3 s recycle delay was used. The spectral axis was processed with an exponential function (3 Hz line broadening), and Fourier transform was applied to obtain 8192 real points. The number of scans was 1024 and the experimental time ca. 90 min.
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